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1 Introduction 



The phase transition from ordinary nuclear matter to a quark gluon plasma (QGP) should 
be observed when conditions of sufficiently high baryonic densities and/or temperatures 
are achieved during the heavy-ion collisions. There is a number of experimental observ- 
ables to identify this transition, such as strangeness enhancement, charmonium suppres- 
sion, event anisotropy, fluctuation in particles ratios, transverse momenta etc. At the 
same time, it has also been recognized that no single signal alone can provide clear evi- 
dence for the existence of the phase transition. This stimulates the search for new probes 
to investigate the properties of hot and dense matter produced in heavy-ion collisions at 
high energies. 

One of the new signature can be the change of in the polarization properties of the 
secondary particles in the nucleus-nucleus collisions compared to the nucleon-nucleon col- 
lisions. A number of polarization observables have been proposed as a possible signature 
of phase transition, namely, decreasing of the A transverse polarization in central col- 
lisions [HE], non-zero A longitudinal polarization 0,H], non-zero J/ty polarization at 
low pt [5] , anisotropy in di-electron production from vector mesons decay [6] (and refer- 
ences therein), global hyperon polarization [7] and spin-alignment of vector mesons [8] in 
non-central events etc. 

The strangeness enhancement is considered as one of the signal of the phase transition 
from ordinary matter to quark-gluon plasma (QGP). The strong strangeness enhancement 
at ~30 GeV-A as well as the change of the slope of the strange particles spectra have 
been firstly observed by the NA49 collaboration both in kaon [9j and hyperon [10] data. 
In this respect the study of the polarization properties of the hyperons at the energies 
v /saF/v of several GeV is of greate interest. 

However, in spite of the large amount of the data on the A production obtained at 
GSI [llj, AGS [El M, E], SPS [TO] and RHIC [I5]-[T9], there are only few results on the 
A polarization in nucleus- nucleus interaction [201 EH E2 E3] . 

The goal of present article is to summarize the existing experimental data and to 
discuss the possibility of the A polarization measurements in nucleus-nucleus collisions 
at ^/J/vv of several GeV at future setups. 

2 A polarization in proton-induced reactions 

Since the first observation of large transverse polarization of A hyperon [2H |25] in inclu- 
sive nucleon-nucleon and nucleon-nuclei interactions, there has been permanent interest 
to the origin of this effect. A significant amount of the data on A polarization has been 



accumulated at different nucleon initial energies between 6 and ~2000 GeV [26] . All these 
measurements indicated that the high energy hyperon polarization is a function only of 
the hyperon transverse momentum pt and the fraction of the beam energy carried by the 
final state hyperon Xp. The magnitude of the polarization at fixed xp rises with p? to a 
plateau at about 1 GeV/c, and the size of the plateau increases monotonically with Xp. 
A minor dependence of the A polarization on the A- value of the target has been observed. 

Most of the models explain the A polarization by the recombination of a polarized s- 
quark with an unpolarized {ud) spectator diquark. In this case the spin of A is carried 
by the produced s- quark and that the u and d quarks can be thought of as being coupled 
into a diquark with zero total angular momentum and isospin. 

In the framework of the semiclassical recombination model of DeGrand-Miettinen [27] 
the A polarization is defined by the slow s- quark spin precession. According to this 
model A polarization is expressed as following 
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with Tn d , px d (m s ,pT S ) the mass and transverse momentum of the ud diquark (s quark), 
m^o and pt the mass and transverse momentum of the A , Axo a distance scale and 
£(x) = x s /x the ratio of the longitudinal momentum of the s quark to the longitudinal 
momentum fraction of the A with respect to the beam proton. 

The parametrization taken in the form 

£(x) = i(l-x)+0.1z (3) 

gives a quantitative description for the A polarization in nucleon-nucleus interaction a 
wide energy range [211 [251 26J . 



3 A polarization in heavy-ion collisions 

In the case of relativistic nucleus- nucleus collisions, the expectation is that, A°'s coming 
from the region where the critical density for QGP formation has been achieved, are 
produced through the coalescence of independent slow sea u, d and s quarks. Therefore, 
the plasma creates A with zero polarization [2]. Finally, in the case of QGP formation 
the depolarization effect compare to proton-induced reaction should be observed. The 



total cross section of A production versus impact parameter b is the sum of the cross 
sections for the peripherical collisions and QGP regions [2J 
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Since A°'s from QGP zone have a zero polarization one can write: 
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where f(b) is defined as the ratio of the differential cross sections for A production from 
the QGP and recombination processes. 

The behavior of f(b) as a function of impact parameter b for RHIC energies is shown 
in Fig.l [2]. One can expect up to 30-40% of the depolarization effect for the central 
events. It is shown that the measurable depolarization effect can be observed at the A 
transverse momenta px >0.6-0.8 GeV/c. 

The measurements of A transverse polarization in nucleus-nucleus collisions [201 EH 
[22] have shown that the produced A°'s are still polarized at freeze-out that means the spin 
direction is only little affected by the rescattering phase after hadronization. However, 
there was no scan versus the centrality in this experiment. 

Another novel phenomena is so called global polarization [?l [8] . System in the noncen- 
tral collisions have large orbital angular momentum, which manifests in the polarization 
of secondary particles along the direction of the system angular momentum. 

Parton interaction in noncentral relativistic nucleus-nucleus collisions leads to the 
global polarization of the produced quarks. This value for RHIC energies can be about 
30% and would lead to the global polarization of hyperons [7]. More realistic calculations 
[28] within a model based on the hard termal loop gluon propagator predict the value of 
hyperon polarization to be in the range from -0.03 to 0.15 depending on the temperature 
of the QGP formed. Recent calculations [29, 30J also explain the small value of the global 
A polarization observed at RHIC 



4 Method of the A polarization measurement 

The A hyperon has spin 1/2. It decays to p + 7r~ with 64% branching ratio. The 
analysis of the angular distribution can be used to obtain the polarization value. The 
main method to measure A polarization in nucleus-nucleus collisions is the measurement 
of the emission angle distribution of the decay proton with respect to the system orbital 
momentum L. 



The definition of the different angles for A - hyperon decay is given in FigJ21 Here 
x, y, z are the laboratory frame axes. The reaction plane is defined by the vectors of 
the initial beam direction z and impact parameter b. L is the system orbital momentum 
normal to the reaction plane, p* and 9* are the proton three-momentum and the angle 
between the system orbital momentum L and the three-momentum of the proton in the 
A rest frame, respectively. *S?rp is the reaction plane angle. 

The decay proton distribution as a function of emission angle 9* is expressed as 

dN 

— — = N (cos8*)(l + aV A cosd*), (7) 
dcos9* 

where Pa is the value of A polarization, 8* is the angle in the A rest frame between the 
system orbital momentum L which is normal to the reaction plane and the decay proton, 
a is an s — p-wave interference term factor which is measured to be 0.642, Nq(cos8*) is 
the constant corrected for the geometry, efficiency etc. The polarization is defined as the 
slope of the dN /dcosd* vs cos8* . 

The global polarization of the hyperons measured at RHIC [23] is defined as the 
polarization Va averaged over the relative azimuthal angle 

Vf = - < cosd* > . (8) 
a 

One can write global polarization in terms of the reaction plane angle ^rp and the 



azimuthal angle (ft* of the proton three-momentum in the A rest frame using the relation 



among the angles shown in FigfS] which is cos9* = sin9*sin((p* — ^rp) and integrating 
over the angle 9* 

Vf = — < sin(<f>; - Vrp) > . (9) 
ira 

The expression (JHJ) is similar to that used for the directed flow measurements. 



5 Feasibility of A polarization measurement at high 
energies 

From UrQMD transport model one can expect production of approximately 20 A°'s de- 
caying into pir~ pair in the central Au — Au collisions at 25 GeV-A. 

The important feature of CBM setup [31] is quite large acceptance for the detection 
of the both protons and pions. Therefore, it is possible to detect the A - hyperons with 
large transverse momenta p?, where maximal effect in polarization properties is expected. 

Silicon Tracking System (STS) consisted of 7 or 8 stations can provide the good 
tracking with the expected good enough efficiency. Since A is weakly decaying parti- 
cle (cr=7.89 cm), its decay vertex is well separated from the primary vertex. However, it 



is necessary to provide high efficiency of the secondary tracks finding. The selection of A°- 
hyperons at CBM can be done without the secondary particles identification to increase 
the acceptance. In this case the main source of the background is K s meson decaying 
into 7r + 7r~ pair. 

The detailed feasibility study of the A - hyperon production at CBM [32] has been 
performed using track reconstruction based on the cellular automata method [31]. The 
mass and longitudinal secondary vertex resolutions achieved were M\ ~ 0.85 MeV/c 2 and 
0.8 mm, respectively. 

An alternative approach has been developed in ref.[33]. Special V°- particles (A 
and Kg) finder has been developed using track reconstruction based on the conformal 
mapping and approximate solution of motion equation [34]. The precision of secondary 
vertex reconstruction was ~ 150 fim and ~ 100 /zm for A and K s , respectively. The 
simple V°- fit used the energy and momentum conservation laws only 

EyO = E + E 

p v o = p + + p~ (10) 

with the fixed values of the V°- particles masses [35]. The purity of A - hyperons selection 
with simple V°- fit is shown in Fig. 3 as a function of the longitudinal vertex position. One 
can see that the purity of A°'s selection is about 0.97 for the decay longitudinal vertex 
position larger than 5 mm. 

The y — Pt acceptance for reconstructed A°'s from Au — Au central collisions at 
25 GeV-A for the conditions of CBM experiment is shown in Fig.4. 

However, the measurement of the A polarization requires good knowledge of the 
kinematical parameters of the A , as well as the reaction plane and centrality value. The 
latest two parameters at CBM can be measured by zero degree calorimeter [36] with good 
precision. The V°- fitter [33] improves significantly the parameters of the A hyperons. 
The momentum and angular resolutions achieved are 5 p/p ~0.37%, erg ~0.13 mrad and 
o'ta.na ~0.13, respectively. The precision of secondary vertex reconstruction was better 
than ~ 70 /im. The distributions on the reconstructed momentum, angles and vertex 
position for A°'s are given in Fig.5. 

The collider mode provides more symmetrical acceptance for A hyperons, that is 
significant for the proper reconstruction of the polarization. The y — Pt ideal acceptance 
for A°'s from Au—Au central collisions at y / J/v r /v= 7.1 GeV for the collider mode (assuming 
the axial symmetry of MPD [37]) is show in Fig.6. Since no particle identification is 
required the transverse momenta pt achieved can be large enough to measure sizable 
polarization effects for A°'s production. The reaction plane and impact parameter at 
MPD [37] can be measured with zero degree calorimeter assumed to be the same as 



at CBM setup or via charged particles energy flow reconstructed in the time-projection 
chamber. 

6 Conclusions 

The measurement of the A polarization in nucleus-nucleus collisions at the energies of 
FAIR and NICA can be a new important tool in addition the traditional ones to study 
the phase transition. 

It is shown the feasibility of the A selection in Au — Au collisions at 25 GeV-A 
for the fixed target experiment |31j . The study of the polarization effects in hyperon 
production for the collider mode [37] at the same energies has certain advantages and 
could be promising. 
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Figure 1: The ratio of the differential cross sections for A production from the QGP and 
recombination processes [2]. 



Figure 2: The definition of the different angles for A - hyperon decay, x, y, z are the 
laboratory frame axes. The reaction plane is defined by the vectors of the initial beam 
z and impact parameter b. L is the system orbital momentum normal to the reaction 
plane, p* and 9* are the proton three-momentum and the angle between the system orbital 
momentum L and the three-momentum of the proton in the A rest frame, respectively. 
\& rp is the reaction plane angle. The picture is taken from ref . |23] . 
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Figure 3: The purity of A - hyperons selection with simple kinematical V°- fit as a function 
of the longitudinal secondary vertex position. 
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Figure 4: The y — px acceptance for reconstructed A°'s from Au — Au central collisions 
at 25 GeV-A for the conditions of CBM experiment. 



600 



400 



c 

CD 
> 
UJ 



200 




-2 



Constant 659.1 
Mean -0.0492 
Sigma 0.3712 





5P„ 



(%) 



200 



c 

0> 

> 

LU 



100 



-1000 



-500 











Constant 214.6 
Mean 2.568 
Sigma 68.39 






I 








■ 


, _ .„nT/ 









AZ A „ 



500 



1000 

(urn) 



1500 



1000 

c 
> 

UJ 

500 











Constant 


1634 










Mean 
Sigma 


0.0004523 
0.1322 






























J 


L 







1500 



1000 

in 
c 
> 

LU 

500 





Aft, 



2 4 

(mrad) 











Constant 

Mean 

Sigma 


1629 
-0.002895 
0.1304 




































I 




. . .- J 









-2 2 

Atan(a ) 



Figure 5: The momentum, vertex position and angles reconstruction precisions for A°'s 
from Au — Au central collisions at 25 GeV-A [33 J. 
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Figure 6: The y — Pt acceptance for A°'s from Au — Au central collisions at ^snn 
7.1 GeV for the collider mode. 



